Supplementary Figures
Supplementary Figure 1 -GGI grading for the back graded bg-CIGS device as measured by SIMS (blue dots), see Ref.
2 . The grading is confined to the back contact, while the front contact still has a significant thickness of low bandgap CIS material for good absorption. The bandgap has been calculated as detailed in 3 . 
Supplementary Figure 2 -EDX study of a full device (double graded CIGS absorber) (blue line) and after an etching in HAc (green line) or HCl (red line
)
Supplementary Information A -Matlab script for TRPL transients

Physical equations
In order to simulate the electron and hole densities as a function of time the Matlab script solves equations (E.1) through (E.8) simultaneously using the Matlab solver pdepe. Subsequently, the PL transient is calculated by integration of the radiative recombination over the whole absorber.
The transport equations for electrons and holes are 6,7
The first term in equation (E.1) denotes the diffusion of electrons with the Boltzmann constant and the temperature. The second term represents the drift of the electrons in the presence of an electric field or more generally in the presence of an energy potential gradient. The grading of the conduction band due to the GGI grading is implemented by defining the electric field for the electrons = ⁄ .
The third term describes electron emission , and capture , from and into a bandgap defect state with index i. Equation (E.2) is the analogous expression for holes. The defect state i is characterized with total defect density , , energy distance from the conduction band , and capture cross sections
, and , for electrons and holes, respectively. The emission and capture rates in equation (E.1) and (E.2) can then be written as The fourth term in equation (E.1) describes the radiative recombination as already described in equation (1). The last term in equation (E.1) denotes the optical generation of charge carriers and is described by equation (13) .
The surface recombination velocities at the front ( , =0 ) and the back ( , = ) contact define boundary conditions for equations (E.1) and (E.2) and can be formalized according to measurements to other samples discussed in this study is hindered by the non-absolute nature of the SIMS technique. Also, a possible effect of forward sputtering that could affect the Na count at the rear interface (sputtering from front towards back surface) was not discussed.
In addition, in this study TRPL measurements were also performed from the rear side of the CIS layer through a 6 nm Au layer (delam configuration with e-beam evaporated Au layer on the exposed interface, not shown here). In that case the luminescence decreased extremely fast with decay times in the range of 1 ns indicative for a large recombination velocity at the CIS/Au interface. However, measurements from the front side show similar decay times for the CIS/Mo (glued configuration for CIS absorber) and the CIS/Au (not shown) configuration indicating a similar and consequently a rather large interface recombination velocity for the CIS/Mo (and CIS/Au) interface.
